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(54) Light delivery device

(57) Inalightdelivery device defining an optical path
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dispatches actual illumination characteristics of the light

delivery device (10) to a control system (18,48), which
compares the actual illumination characteristics with de-
sired illumination characteristics to determine an offset
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Description

[0001] The presentinvention relates to a system and
method for driving a light delivery device. Diffractive
based light (DLD) devices provide an optical output hav-
ing a desired frequency or color based on a voltage input
into the DLD device. To provide the desired frequency
or color, DLD devices generally utilize a plurality of op-
tical modulation elements arranged in an array of rows
and columns. A light source projects light onto the DLD
device, which in turn, only reflects the desired frequency
or color. An analog voltage is supplied to each discrete
element to cause that element to reflect the particular
desired frequency of light.

[0002] When DLD devices are operated under normal
conditions, the array of optical modulation elements can
change in any one of a number of different ways. For
example, thermal heating caused by the illumination
source can result in expansion of the array, which may
cause the array to reflect a different frequency or color
of light than what was originally desired. Also, general
changes such as the size or shape of the array or me-
chanical characteristics of the DLD structures may
change over time. This type of change also may result
in the array reflecting a different frequency or color of
light than desired. The present embodiments were de-
veloped in light of these and other drawbacks.

[0003] The present embodiments will now be de-
scribed, by way of example, with reference to the ac-
companying drawings, in which:

[0004] Figure 1is aschematic view of an embodiment
of an array according to an aspect of the present em-
bodiments;

[0005] Figure 2is a schematic view of an embodiment
of an optical modulation element according to an aspect
of the present embodiments;

[0006] Figure 2A is a schematic view of an embodi-
ment of a switch circuit according to an aspect of the
present embodiments;

[0007] Figure 2B is a schematic view of an embodi-
ment of an array according to an aspect of the present
embodiments;

[0008] Figure 3 is a schematic view of an embodiment
of an optical display device according to an aspect of
the present embodiments;

[0009] Figure 3A is a schematic view of an embodi-
ment of an optical display device according to an aspect
of the present embodiments;

[0010] Figure 3B is a schematic view of an embodi-
ment of an optical display device according to an aspect
of the present embodiments;

[0011] Figure 4 is an embodiment of the flowchart de-
picting an operation of an embodiment of an optical dis-
play device according to an aspect of the present em-
bodiments;

[0012] Figure 5isaschematic view of an embodiment
of an optical display device according to an aspect of
the present embodiments.

10

15

20

25

30

35

40

45

50

55

[0013] Figure 6 is a schematic view of an embodiment
of an optical display device according to an aspect of
the present embodiments; and

[0014] Figure 7 is a schematic view of an embodiment
of an optical display device according to an aspect of
the present embodiments.

[0015] The present embodiments provide a device
that reads an actual frequency of light of the DLD device
and then compares that actual frequency to a target or
desired output frequency of the light from the DLD de-
vice. Once the actual frequency is compared to the tar-
get frequency, a difference in frequencies is determined
and the DLD is adjusted to output a frequency closer to
the target frequency. By this way, the DLD device is off-
set and adjusted for changes in the optical modulation
elements using a feedback mechanism.

[0016] Referring now to Figure 1, anarray 10 is shown
as generally including a plurality of optical modulation
elements 12 arranged in rows 14 and columns 16. Array
driver circuitry 18 operationally connects to the array 10
to addressably provide analog voltage or charge to each
of the optical modulation elements 12 to effectuate a
colored illumination response from each of the optical
modulation elements 12 (as will be described in greater
detail). The optical modulation elements 12 of the array
10 are constructed to reflect a desired frequency or color
of light based on a voltage provided to each of the optical
modulation elements 12 by the array driver circuitry 18.
For example, if it is desired for one of the optical modu-
lation elements 12 to reflect only the color red, then the
array driver circuitry 18 provides that optical modulation
element 12 with an analog voltage sufficient to cause
that optical modulation element 12 to reflect only the fre-
quency of light associated with the color red. This will
be discussed in greater detail below.

[0017] The array driver circuitry 18 can instruct each
of the optical modulation elements 12 in the array 10 to
reflect specific colors in order to generate a desired color
display image. It should also be noted that, although the
present embodiments are described with reference to
optical modulation elements 12 of the array 10, the
present embodiment is applicable to any display device.
[0018] Figure 2illustrates a cross-sectional view of an
exemplary optical modulation element 12a that may
comprise the optical modulation elements 12 in Figure
1. Optical modulation element 12a may be a MEM (Mi-
cro Electrical Mechanical) device used to allow certain
light waves having a desired frequency to exit from the
MEM to thereby generate an illuminated response at a
desired color. The optical modulation element 12a in-
cludes a semitransparent outer plate 22, reflective mid-
dle plate 24 and a lower plate 26. Springs 28 are dis-
posed between reflective middle plate 24 and lower
plate 26. The reflective middle plate 24 of each element
12a is connected to a corresponding tap 20. A switch
circuit 140 is positioned at some juncture along each tap
20 as will be discussed further below. The lower plate
26 is connected to another electrical potential that is dif-
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ferent from that supplied by array driver circuitry 18,
which in one embodiment is ground potential. In other
embodiments, the polarity may be reversed from that
shown herein.

[0019] In Figure 2, outer plate 22 is shown separated
from middle plate 24 by distance D1. Functionally, white
light passes through outer plate 22 from illumination
source 42 (as will be discussed in connection with Fig-
ure 3) and is reflected by middle plate 24. The light
waves 30 reflected from middle plate 24 through outer
plate 22 comprise the output of each of the optical mod-
ulation elements 12a of the voltage driven array 10. The
light waves 30 reflected from middle plate 24 and output
through outer plate 22 consists of light having a single
frequency (a natural frequency) that is dependent upon
the distance D1 between the outer plate 22 and the mid-
dle plate 24. Reflected light waves having frequencies
other than the natural frequency associated with dis-
tance D1 are eliminated by destructive interference that
occurs between middle plate 24 and outer plate 22 be-
fore they are output through the outer plate 22. This de-
structive interference is accomplished by bouncing light
between the reflective middle plate 24 and semi-reflec-
tive properties of outer plate 22. As a result, the light that
survives this bouncing between the outer plate 22 and
the middle plate 24 is that which has a natural frequency
of light defined by D1, as will be readily understood by
one skilled in the art. Accordingly, the output of each op-
tical modulation element 12a is correlated to the dis-
tance D1 between the outer plate 22 and the middle
plate 24.

[0020] In Figure 2A, switch circuit 140 is described in
greater detail. The switch circuit 140 includes a first
switch 191 and a second switch 193. For each of the
rows 14, paths 14a', 14b'...(hereinafter referred to as
14") provide an ENABLE signal. Likewise, for each of
the rows 14, paths 14", 14b"...(hereinafter referred to as
14") provide a CLEAR signal. In some embodiments, the
ENABLE signal and CLEAR signal are provided by an
electronic controller (not shown). The first switch 191 re-
ceives a selected reference voltage (Vggg) at source
196 via the taps 20 (See Figures 1 and 2) and the EN-
ABLE signal at gate 194 via path 14'. Drain 198 is cou-
pled to reflective middle plate 24 of illumination element
12a via path 160. Second switch 193 is coupled across
illumination element 12a with drain 1106 coupled to re-
flective middle plate 24 and source 1108 coupled to low-
er plate 26 via ground. Second switch 193 receives the
CLEAR signal at gate 1104 via path 14".

[0021] Switch circuit 140 operates as described below
to cause a charge differential between reflective middle
plate 24 and lower plate 26. Initially, the ENABLE signal
is at a "high" level, the CLEAR signal is at a "low" level,
and the reference voltage is at a selected voltage level.
As a result, first switch 191 and second switch 193 are
both off. The CLEAR signal is then changed from a "low"
level to a "high" level, causing second switch 193 to turn
on and pull reflective middle plate 24 to ground, thereby
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removing any charge differential between middle plate
24 and lower plate 26. The CLEAR signal is then re-
turned to the "low" level causing second switch 193 to
again turn off.

[0022] The ENABLE signal is then changed from the
"high" level to a "low" level, causing first switch 191 to
turn on, to thereby apply the reference voltage to reflec-
tive middle plate 24 and cause a desired charge to ac-
cumulate on reflective middle plate 24 and lower plate
26, and thereby set a gap distance between reflective
middle plate 24 and lower plate 26. The ENABLE signal
stays "low" for a predetermined duration before return-
ing to the "high" level, causing first switch 191 to again
turn off, decoupling the reference voltage from illumina-
tion element 12a. At this point, the illumination element
12a is isolated from Vggr, and charge can no longer
flow. The predetermined duration is shorter than a me-
chanical time constant of illumination element 12a, re-
sulting in the reflective middle plate 24 and lower plate
26 appearing to be substantially "fixed" during the pre-
determined duration, so that the stored charge can be
calculated without having to compensate for a changing
distance between the reflective middle plate 24 and a
lower plate 26.

[0023] Figure 2B is a block diagram illustrating an ex-
emplary embodiment of the switch circuit 140 in con-
junction with the present embodiments. Each illumina-
tion element 12a includes a switch circuit 140.

[0024] Each switch circuit 140 is configured to control
the magnitude of a stored charge differential between
middle plate 24 and lower plate 26 of its associated illu-
mination element 12a to thereby control the associated
distance between reflective middle plate 24 and lower
plate 26. As discussed above, the distance between re-
flective middle plate 24 and lower plate 26 directly af-
fects the color output from the illumination element 12a.
Each row 14 of the array 10 (See Figure 1) receives a
separate CLEAR signal from path 14" and ENABLE sig-
nal from path 14" with all switch circuits 140 of a given
row receiving the same CLEAR and ENABLE signals.
Each column of the array 10 receives a separate refer-
ence voltage (Vrgg) from the taps 20.

[0025] To store, or "write", a desired charge to each
reflective middle plate 24, a reference voltage having a
selected value is provided to each of the columns 16 via
taps 20. As described herein below, the reference volt-
age provided to each element 12a may be different. The
CLEAR signal for the given row is then "pulsed" for a
fixed duration to cause each of the switch circuits 140
of the given row to remove, or CLEAR, any potential
stored charge from its associated illumination element
12a. The ENABLE signal from path 14' for the given row
14 is then "pulsed" to cause each switch circuit 140 of
the given row to apply its associated reference voltage
to its associated reflective middle plate 24. As a result,
a stored charge having a desired magnitude based on
the value of the applied reference voltage is stored on
the reflective middle plate 24 to thereby set the gap dis-
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tance between reflective middle plate 24, and lower
plate 26, based on the desired magnitude of the stored
charge. This procedure is repeated for each row of the
array 10 to "write" a desired charge to each illumination
element 12a of the array 10.

[0026] The distance D1 between the outer plate 22
and the middle plate 24 may be intentionally adjusted
by the array driver circuitry 18 to allow light waves of
different frequencies to emerge from the array element
by applying different driving voltages or electrical charg-
es to the reflective middle plate 24. In this way, the con-
troller can cause each of the optical modulation ele-
ments 12a to allow a desired frequency of light (i.e., a
desired color) to exit from the optical modulation ele-
ments 12a.

[0027] Referring now to Figure 3, the array 10 of op-
tical modulation elements 12a (Figure 1) is shown and
described in conjunction with components of a light de-
livery device 40. The light delivery device 40 can be any
device for delivering light. In one embodiment, the light
delivery device 40 includes an array 10, an illumination
source 42, and a feedback device 46. The optical mod-
ulation element 12a and illumination source 42 gener-
ally define an optical path along which the feedback de-
vice 46 may be positioned. It should also be noted that
additional elements may be positioned along the optical
path such as other optical modulation elements 12a,
other array's 10, or other suitable devices.

[0028] In one embodiment, the light delivery device
40 is a device for displaying images generated by the
array 10 on a screen 52 or other suitable medium. Ex-
amples of the light delivery device 40 include digital
overhead projectors, display screens and the like. One
skilled in the art will readily recognize that the light de-
livery device 40 may be a different device for displaying
information generated by a single optical modulation el-
ement 12a or an entire array 10 from that described in
the present embodiment.

[0029] In one embodiment, the light delivery device
40 includes an illumination source 42, optical focusing
elements 44 and 50, feedback device 46 and calibration
control 48. A screen 52 or other medium for display is
provided to allow images generated by the array 10 to
be displayed thereon. The illumination source 42 can be
any standard light source such as a light bulb or other
suitable means for generating and projecting white light.
The optical focus elements 44 and 50 may include lens-
es, prisms, mirrors and other suitable optics needed to
capture light and focus it in a particular direction. It
should be noted that both the optical focus elements 44
and 50 as well as the illumination source 42 are ele-
ments well-known and understood in the relevant art.
Accordingly, the skilled artisans will readily recognize
that many of these features may be repositioned in the
light delivery device 40 or even eliminated altogether.
[0030] In operation, the illumination source 42
projects light through focusing element 44, which appro-
priately directs and focuses the light generated by illu-
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mination source 42 onto array 10. As described above,
the outer plate 22 and reflective middle plate 24 of each
optical modulation element 12a of the array 10 operate
to cancel all frequencies of light by destructive interfer-
ence, except that which is desired to be projected to-
ward screen 52. Each modulation element 12a trans-
mits the corresponding desired frequency of light from
array 10, through focusing element 50, which then fo-
cuses and directs the light onto screen 52.

[0031] Feedbackdevice 46 is shown schematically as
being located in the path of light that exists between the
focusing element 50 and the screen 52. The feedback
device 46 operates to capture or sample at least some
of the light projected from array 10 to screen 52. There-
fore, it will be understood by one skilled in the art that
the feedback device 46 may be located at any position
between the array 10 and the screen 52. For purposes
of illustration, however, the feedback device 46 is shown
as being positioned between focusing element 50 and
a screen 52. Example embodiments of the feedback de-
vice 46 will be described in greater detail below.
[0032] In an aspect of the embodiment, the feedback
device 46 is a device which measures both the frequen-
cy and intensity of light projected by array 10. Such de-
vices are readily known and understood by one skilled
in the art. The feedback device 46 samples the intensity
and frequency of light projected by array 10 and then
feeds an electronic signal representing these character-
istics to calibration control 48. Feedback device 46 may
be translucent to allow the light to be passed there-
through or can be a device that captures only a portion
of the projected light. One skilled in the art will readily
recognize variations and modifications to the above dis-
cussed theme.

[0033] Calibration control 48 is connected to feedback
device 46 to receive electrical signals representing the
intensity and frequency of light gathered by the feed-
back device 46. Typically, the frequency of light project-
ed by the array 10 and measured by the feedback device
46 will be spread over a certain frequency range. For
example, if each of the optical modulation elements of
the array 10 is instructed by array driver circuitry 18 to
project a frequency of light corresponding to red, the ac-
tual projected light will be within a particular frequency
range, including frequencies above and below the de-
sired "red" frequency. There are many reasons for this
frequency range, including the fact that numerous indi-
vidual optical modulation elements 12a are actually
causing the absorption of certain frequencies of the
light.

[0034] Therefore, by providing intensity information in
addition to frequency information of the projected light,
the calibration control 48 is able to determine the middle
of the frequency range, where the intensity is greatest.
The calibration control 48 then sets this middle frequen-
cy value as the frequency value of the array 10. Of
course, it will be understood that the intensity is not
needed to be measured by the feedback device 46, and
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instead, calibration control 48 can use only the frequen-
cy information of the projected light to determine the
mean frequency by simply averaging or conducting
some other mathematical analysis of the frequency
range.

[0035] In addition to receiving information from feed-
back device 46, the calibration control 48 also receives
information from array driver circuitry 18. The informa-
tion received from array driver circuitry 18 is the actual
frequency value that the optical modulation elements
12a of the array 10 are intended to produce. For exam-
ple, the array driver circuitry 18 in the above example is
driving each of the optical modulation elements 12a of
the array 10 with a voltage that has been predetermined
to elicit a red response from the limitation elements 12a.
[0036] The information sent from the array driver cir-
cuitry 18 to the calibration control 48 is represented by
a digital signal. For example, if the optical modulation
elements 12a of array 10 are intended to be driven at a
frequency corresponding to red, then a digital signal rep-
resenting this value is dispatched to calibration control
48. Calibration control 48 is then able to compare the
intended frequency with its determined actual frequency
and to thereby determine an offset which the array driver
circuitry 18 needs to drive the optical modulation ele-
ments 12a to obtain the desired frequency output from
the array 10. Once determined by calibration control 48,
a digital signal representing the determined offset is dis-
patched from calibration control 48 to the array driver
circuitry 18 to allow the array driver circuitry 18 to offset
the voltage it supplies to the optical modulation ele-
ments 12a for that particular color.

[0037] Referring now to Figure 3A and 3B, another
embodiment of the system is shown and described,
where like elements have like reference numerals (and
are not again described). In Figure 3A and 3B, a mirror
60 is attached to a motor 62. The motor 62 is preferably
a servo motor that is able to move the mirror 60 between
the positions shown in Figure 3A and Figure 3B. The
position of Figure 3A places the mirror directly in the op-
tical path between the array 10 and the screen 52. The
position of Figure 3B is a location outside this optical
position. When the mirror 60 is moved by motor 62 into
the position shown in Figure 3B, the optical path bypass-
es the mirror 60 and projects light from array 10 directly
onto the screen 52.

[0038] A feedback device 46a is positioned in the op-
tical path defined by the mirror 60 and light illuminated
by the array 10 when the mirror 60 is positioned as
shown in Figure 3A. Although this position is shown as
being located downward in the Figure, one skilled in the
art will readily recognize that many different arrange-
ments of both the mirror 60 and the feedback device 46a
may be utilized.

[0039] Referring now to Figure 4, the operation of the
embodiment described with reference to Figures 3A and
3B is described. In the process described in Figure 4,
the mirror 60 is moved into position of the optical path
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defined by the array 10 in step 70. The mirror 60 is
moved into the shown position in Figure 3A based on
instructions dispatched from the array driver circuitry 18
to the motor 62.

[0040] The motor 62 may be driven by the array driver
circuitry 18 in response to a calibration process pro-
grammed therein. In one example, the array driver cir-
cuitry 18 begins a timer after illumination source 42 ini-
tially illuminates array 10. This situation models the
common scenario where the light delivery device 40 is
initially turned on in anticipation of being used, i.e. a
warm-up period. The time delay allows time for the array
10 to heat up to operational temperature. Once the timer
reaches a predetermined time limit, the mirror 60 is
moved into position shown in Figure 3A by the motor 62.
One skilled in the art will readily recognize other options
for moving mirror 60 into position, such as providing a
button on the side of the light delivery device 40 which
allows a user to calibrate the device at any time. Other
options may include providing a timer in the array driver
circuitry 18 that initiates a calibration process once, eve-
ry time period, such as once every year to account for
slow changes in the device over long periods of time.
Another embodiment may include placing a thermal
sensor in the array 10, which initiates a calibration proc-
ess once a predetermined temperature is reached by
the array 10.

[0041] Instep 72, the array driver circuitry 18 instructs
each of the optical modulation elements 12a of the array
10 to illuminate a specific color or frequency. For exam-
ple, the array driver circuitry 18 may instruct all of the
optical modulation elements 12a to project the color red.
The selected frequency is projected by the array 10,
against the mirror 60, and to the feedback device 46a.
The feedback device 46a then dispatches information
relating to the intensity and frequency of the received
light to the calibration control 48. The calibration control
48 determines a digital signal representing a mean val-
ue of the frequency spread based on the frequency and
intensity read. The calibration control 48 also receives
a digital signal from the array driver circuitry 18 repre-
senting the value at which the array 10 is being driven.
The calibration control 48 then compares the signal re-
ceived from the array driver circuitry 18 and the deter-
mined value from the feedback device 46a to determine
an offset for the array driver circuitry 18 to drive the array
10 for obtaining the proper frequency of light from the
array 10.

[0042] For example, if the calibration control 48 deter-
mines that the actual projected light from the array 10 is
five hertz higher then it should be, then the calibration
control 48 dispatches the signal to the array driver cir-
cuitry 18 to change the voltage supplied to reflect the
middle plate 24 (see Figure 2) on each of the optical
modulation elements 12a of the array 10 such that the
correct frequency of light is transmitted at the correct
frequency.

[0043] Additionally, the same procedure can be re-
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peated for different frequencies of light. For example,
the array driver circuitry 18 can cycle between red,
green and blue colors to allow the feedback device 46a
and the calibration control 48 to generate offsets and
instruct the array driver circuitry 18 to drive the optical
modulation elements 12a of the array 10 at the proper
voltages for obtaining the desired frequencies of light
from the array 10.

[0044] Once an offset is determined and fed to the ar-
ray driver circuitry 18, step 74 is executed and the mirror
60 is moved out of position by motor 62 as shown in
Figure 3B. Hereafter, the array 10 may be used to
project images onto screen 52 as normally operated.
[0045] In another embodiment as depicted in Figure
5, the feedback device 46a is a CCD based device.
Here, as the feedback device 46a is divided into pixel
elements, calibration may be carried out for each indi-
vidual optical modulation element of the array 10. A filter
arrangement 51 is positioned directly adjacent to the
feedback device 46a along the optical path. The CCD
feedback device 46a captures the frequency of light em-
anated from each optical modulation element 12a of the
array 10 and feeds this information into calibration con-
trol 48. The filter arrangement 51 indexes specific filters
in front of the feedback device 46a to determine the spe-
cific frequency of light that each optical modulation ele-
ment 12a of the array 10 is transmitting. For example,
the filter arrangement 51 can begin with a low-frequency
filter and continuously index toward a higher frequency
filter. Once the correct filter is positioned in front of the
feedback device 46a for certain optical modulation ele-
ments 12a, then the corresponding pixels for feedback
device 46a receives an illumination input indicating that
the corresponding filter corresponds to the correct fre-
quency of light being transmitted. This information can
be transmitted to the calibration control 48 as indicating
the frequency of light that the array 10 is projecting. One
skilled in the art will readily recognize other scenarios
for determining the frequency of light being transmitted
by the array 10, including "painting" each individual pixel
with a different color filter.

[0046] As the information is derived from a pixel relat-
ed device such as a CCD, the information fed to the cal-
ibration control 48 can be addressed with respect to ei-
ther each specific optical modulation element 12a that
projected the light or groups or quadrants of optical mod-
ulation elements 12a. Calibration control 48 also re-
ceives information from array driver circuitry 18 repre-
senting the voltage being applied to each optical mod-
ulation element 12a. The calibration control 48 then
compares the illumination and intensity read from each
optical modulation element 12a with that provided by the
array driver circuitry 18 and then determines an offset
for each optical modulation element 12a. By this way,
specific offsets may be determined for each individual
optical modulation element 12a or groups or quadrants
of optical modulation elements 12a.

[0047] Referring now to Figure 6, another embodi-
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ment is shown and described. In Figure 6, a feedback
device 46b is positioned in an optical path defined by
array 10, focusing element 50 and screen 52. However,
the feedback device 46 is positioned in only a portion of
the optical path so as not to obstruct or obscure the pro-
jected image by array 10 onto screen 52. As a result of
this positioning, the feedback device 46 may stay in the
optical path even during normal operation of the light
delivery device 40. The optical modulation elements 12a
which project light onto the feedback device 48b, project
a specific frequency of light as defined by the array driv-
er circuitry 18. As before, the feedback device 46b reads
the intensity and frequency of this light, compares it to
information provided by the array driver circuitry 18, and
then determines an offset for the array driver circuitry
18. The optical modulation elements 12a which project
light onto the feedback device 48b may either project
the desired frequencies of light only during a calibration
process, or may project this particular frequency of light
during the entire operation of the array 10.

[0048] Referring now to Figure 7, another embodi-
ment is shown and described. In Figure 7, the array driv-
er circuitry 18 includes a memory storage area 19. The
memory storage area 19 can be a RAM, ROM, DRAM,
SRAM, fuse or other known memory storage device.
The memory storage area 19 is adapted to store specific
illumination settings for the optical modulation elements
12a.

[0049] The embodiment depicted in Figure 7 lends it-
self to compensating for defects in the array 10 created
during the manufacturing process. Specifically, during
manufacturing, variations in the overall thickness of the
array 10 may result due to normal manufacturing proc-
esses, to thereby cause optical modulation elements
12a to illuminate with a different frequency or color than
was intended to be projected by the array driver circuitry
18. Accordingly, to compensate for these variations,
feedback device 46 is positioned along the optical path
from the array 10 during one of the many manufacturing
steps typically required to manufacture and assemble
all the components of the light delivery device 40. For
example, after all the components of the light delivery
device 40 are installed, the feedback device 46 is posi-
tioned along the optical path to effectuate a final test of
all the components of light delivery device 40.

[0050] Once in position, the feedback device 46 de-
termines the frequency of the light projected from array
10 as described in any of the preceding embodiments.
For example, the array driver circuitry 18 instructs each
of the optical modulation elements 12a to project a spe-
cific desired frequency of light such as red. Calibration
control 48 receives information representing the actual
frequency and intensity from the optical modulation el-
ements 12a of the array 10. The calibration control 48
then compares this information with the intended fre-
quency that array driver circuitry 18 intended the optical
modulation elements 12a of the array 10 to produce.
Calibration control 48 compares the intended frequency
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sent from array driver circuitry 18 with the actual fre-
quency read by feedback device 46 to determine an off-
set. The offset is then stored in memory storage area 19
and is referenced every time the light delivery device 40
is used to project light. In this way, variations in the array
10 caused by the manufacturing process may be com-
pensated by simply storing a desired offset in the mem-
ory storage device 19 and referencing that offset every
time the light delivery device 40 is used.

[0051] While the present invention has been particu-
larly shown and described with reference to the forego-
ing preferred and alternative embodiments, it should be
understood by those skilled in the art that various alter-
natives to the embodiments of the invention described
herein may be employed in practicing the invention with-
out departing from the spirit and scope of the invention
as defined in the following claims. It is intended that the
following claims define the scope of the invention and
that the method and apparatus within the scope of these
claims and their equivalents be covered thereby. This
description of the invention should be understood to in-
clude all novel and non-obvious combinations of ele-
ments described herein, and claims may be presented
in this or a later application to any novel and non-obvious
combination of these elements. The foregoing embodi-
ments are illustrative, and no single feature or element
is essential to all possible combinations that may be
claimed in this or a later application. Where the claims
recite "a" or "a first" element of the equivalent thereof,
such claims should be understood to include incorpora-
tion of one or more such elements, neither requiring nor
excluding two or more such elements.

Claims
1. Alight delivery device comprising:

adisplay device (10) defining an optical path of
light;

a system (18) adapted to drive the display de-
vice (10) with at least one predefined voltage
intended to elicit at least one desired frequency
of light from the display device (10);

a feedback device (46) adapted to be posi-
tioned along the optical path of light;

wherein the system (18) is adapted to receive
information from the feedback device (46) repre-
senting an actual frequency of light generated by
the display device (10) and to compare the actual
frequency with the desired frequency to determine
an offset; and

wherein the system (18) is adapted to cause
the display device (10) to be driven based on the
offset.

2. The light delivery device according to claim 1, fur-
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ther comprising:

an illumination source (42) projecting light onto
an array to define the optical path; and

wherein the display device (10) is adapted to
reflect desired frequencies of light based on the pre-
defined voltage supplied from the system (18).

The light delivery device according to claim 1,
wherein the system (18) further includes:

a calibration control (48) adapted to drive the
display device (10) with the predefined voltage;
an array driver circuitry (18);

wherein the calibration control (48) device re-
ceives the information from the feedback device
(46) and receives driver information representing
the desired frequency from the array driver circuitry
(18);

wherein the calibration control (48) deter-
mines the offset based on the information from the
feedback device (46) and the driver information;
and

wherein the array driver circuitry (18) is adapt-
ed to drive the display device (10) with a new volt-
age based on the offset.

The light delivery device according to claim 1,
wherein the information from the feedback device
(46) is intensity and frequency information of light
read by the feedback device (46).

The light delivery device according to claim 4,
wherein the system (18) is adapted to determine a
mean value of the frequency of light read by the
feedback device (46) based on the intensity and fre-
quency information.

The light delivery device according to claim 1,
wherein the feedback device (46) is positioned
along only a portion of a cross-section of the optical
path to read only a portion of light emitted from the
display device (10).

The light delivery device according to claim 1, fur-
ther comprising:

a motor (62) electrically connected to the sys-
tem (18);
a mirror (60) connected to the motor (62);

wherein the motor (62) is adapted to move the
mirror (60) between a first position and a second
position;

wherein the first position locates the mirror
(60) out of the optical path; and
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wherein the second position locates the mirror
(60) in the optical path and directs light from the dis-
play device (10) to the feedback device (46).

The light delivery device according to claim 7,
wherein the system (18) is adapted to:

initiate a timer;

instruct the motor (62) to move the mirror (60)
to the second position after the timer passes a
predetermined time;

determine the offset; and

instruct the motor (62) to move the mirror (60)
to the first position after the offset has been de-
termined.

The light delivery device according to claim 1,
wherein the display device (10) comprises a plural-
ity of optical modulation elements (12, 12a) organ-
ized into an array.

The light delivery device according to claim 9,
wherein the system (18) is adapted to instruct each
of the optical modulation elements (12, 12a) to emit
a same desired frequency before determining the
offset.
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